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(54) NON-VOLATILE SEMICONDUCTOR MEMORY AND TTS THRESHOLD VALUE CONTROL 
METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress the occurrence 
of over program bit at the time of writing and erasing 
operation in a non-volatile semiconductor memory and 
its threshold value control method. 
SOLUTION: When data is written in a memory cell 
transistor, initial setting of applied pulse voltage, a pulse 
duration, and a verifying voltage level is performed (step 
S1), and a memory cell transistor of one bit performing 
write-in is selected (step S2), and pulse voltage is 
applied (step S3). At the time, it is judged whether the 
set verifying voltage level is satisfied or not (step S4) ? 
when it is not satisfied, a pulse is applied again (step S3). 
When it is satisfied, it is judged whether the level is the 
last verifying voltage level or not (step S5), when it is 
not satisfied, applied pulse voltage, pulse duration are 
decreased (step S6), and a verifying voltage level is 
updated (step S7). If it is satisfied, writing is finished. 
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[0 0 5 1] X. 01 Bt^t^^t:, _L^Ufcdi:H 

flE©8I*P^PJS:W^-rSdi:-e. 0 1 6 ICzrVTHBffi 1 4 
a. 14b. 14ctf»6ft, 014^I113cJ;U 
fc'OJ 7 7 IE U^I/V v 2 «56§t'f ^M*^7 
50 -r-5 0 d^c^T*. i:y— m*—'<—zfu#^l»^&h 
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[0052] mmoi&M i (Dmrnm 3 > ^ut. ^ u 7 

[0 0 5 3] »Si&*i-4IS<&«jiU !M£tf)#Ji|fH*01 
2tt*0 2£:^tt&^. a^tt, ^TvzfSG, S 7 CD 

[0 0 54] 01 7RtfIl 8 KaVT cfcdtC «Jffl»S 
■Cttt*a*BJBt:2 0 0 USEC) £lT£ (XrvZf 
SI) o fit, «*ii**r-5>^U-fe;i/<3DajR (X-r 
^S2) , ^7UX«ffi<BBHHi Ur>^S3) £tre> 

■rtffiU^l/Vv 1 &}fiJ£*r^^J»fS:b Uf^S 
4) . d©4S^^<U 7r >T«E£U^l/Vv 1 SriSfc-TCD 
T\ &C7)X^;y 7°^U . Vvl»®/<IJ7 7'{S 
£tb^m^«$;Lt Ufy7°S5) . d<Z)# 
U 7 7 SEE U^l/^ttJfc V^XX^ * T'S 

>fVSE03(fi^IS:*>U (Xry^S6) . /<ij77 
-<lEU^^Vvl^P,Vv2Al|f^lT (X^ 
^S7) % S^aSii^^I/XWfiECDRPiDSr^dfca^Yb 
n##VfcUHfll 5 bodies:* (xt5/7°S 

3) o K***tfc^CU 7 7^S£E^Vv 2 

£?jS§J£"?"£tf)-C (Xrs/7°S4) , XT7 7°S 5^h^ 

KTtf* (Xt7 7°S6) o ^U77^l£Eb 
^IVv 2^6Vv 3tcJE*fbT Ur^yS7) . 
/^l/X«ffi*:aJR-fe^/k:Bl*irr*i:, gfffil5c (01 
8) (D&olZftV. VoJS*T£tefc£&^ (X-r^S 
3) o LT, i^U7 7 -YS£EL/^;i/Vv3l:iMb 
Ury^S4) . Vv3^f^'j77>flEU^ 

[0 0 5 5] X, H19atfH2 0JcSti5^ S# 

*fc«^£l*fc»^(DHHItt\ Httl6a. 16b. 1 
6ctcft£ e |£3fc©ftfl5<BRfl{t7 c tf;*-^— zfu{f^ 
AL/^;i/Voi:lutVNfc<Z)^ V o tc^-r^di:^ 
<. Vv3i:Vo(7)raT'l^gSht^Vv3^f 

[0 0 5 6] JSl±RWbfcilU, ^U7 7-{iE^;i/ 
* 3 ffi<BS-£ tc l±t£3fc<Z)8tf&-C3§£ b X ^ rf 

*>\ d^-ett-^y 77 >rmflEb^i/3MtcpS^UT®-< 



(7) »1 0-228786 
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s^-%01 8^^-reaffli 5 a, isb f isccd** 
[0057] j«ji©<fc^ic. *mmv>Bmi<Dmmm3 

u 7 7 >r®£E u^;uicit-r **icse*_& z. t 

10 ^7AT-AS:«:<tii:*T't5o 
[0 0 5 8] (*JS<D»J»2) &*c, 

fW*?£frCOV>T. 02 1—0 3 O&fflt^TKBjrr*.- & 
*>\ *«W©*ifc©jeJK2tt. HI. 0 2GD«f££NO 

-e*y, ^Wiu^feD 1 NORi*5v>ttA 

[0 0 5 9] 02 1—0 3 0tC*J^T\ S»#OHttt 
20 #ii*»f^B#CDKl/-<>«jEVd. zi>hn— 71/4*— h 

0t**#ii^^X(7)HI*PtC#7^ z eU h^V^X^CD 
HffiVt h®MS^'J77>r«EU^Vvl 1, V 
v2 1 (^T/Vv3 1) t*t3tit'fe5o 

[0060] NORi77i/a^^n*H DINOR 
Mfe-5v^liANDM7^^i/rL^^eU hl£^#*K flf* 
j&<*®jmc^TS^(Z)&A£:7n — h 1 

30 0 4 (04 4) A}}oT^l.fe^ a*?-fe>l/©.BJfi«iEE 
l±if*p-r-5o t£oT. 02C7)X^^7°S 7C7)^<U 7 7 
«£EU^7l/OJ£«f^*?V^T. ^<U7 7-<«£EI/^;W*J1H 

[0 0 6 1] 02<2)XT77 P S 6tcS-S*-^6D»^4^ 
t&<DJ&Ml tmWk-C&Z* s/7 p S 6X1*, 02U: 

»1©*S;K'>UT, ^t:/<'J77'<ffiEL/^Vvl 
l^6Vv2lA|f*fu Ur^S7) . Stl^#^^ 

40 @22^t^7^ 1118a, 18b, 1 

8c##e>tl> t£*<B&tff<Z)B3ffil 7^->' s ?-7 p a^ 

-TZ>zhl£<. Vv 2 l Vo l taym^JE^lz^^^ 
fcBiffll 8 ct'it^»7t^o ^(D^i:T% #ffl 

[0 0 6 2] Xr7^S6m 02 3\,Ztt~r& 

so 7) . z&m^. 024tc^-r^7tc. mmi9a. 1 
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13 

«G)BHffll 7^-^-^D^7A^Mo 1 ICiSb 
T^fcfcCDtf, Vo 1 tCjt^^dh^<. Vv2UV 
o 1 ^60ra^CiE5t^lR*ofcBiffil 9 cT*g£ii<&##! 

[0 0 6 3] Xf y^S 02 5 H^VT J; 

ti:^:, 9120a, 2 0b. 2 0c^6ti, J:^ 10 
Lfc»-&fcH«k:«6*CDtt«©Blffil 7**-^-^n 
^7AU^V o 1 icSbT^fefcCD^ Vol^Cil-r 
S^tfe<, Vv 2 1 *:Vo 1 h(DPfltCiE?StClJX*ofc 
BSffi2 0 ct'f^M/ilTt^o 

[0 0 6 4] BLhKWUfcJ:^^, 022. 0 2 4GDBI 
ffll 8 c. 19 c^U^iW^'J^y^lfiEU^l/V 
v 2 1 t:£«T'gii2 0 c UTV^o ^V>^£ 

T% 0 2 2. H2 4 0)i^^M^ 
7-fl£Vv2 1igx.t, SSii^^T-T-So 

[0065] £LL<0 ck ? *HJfiOJ^ffl 2 C0^|i«tt 20 

[0 0 6 6] mm<DJ&M2<DmBM) Ek-k. <*V7t 

mm v *jutf 3 «ujLh#«E-r xtkam 2 k 30 

[0 0 6 7] 0 2 7l£jfc*&'b\£* »#ii<^^Vl/XH^ 

«t"5k:LT»#ii*^i/x«£ESi*PS:tTo-Ci^< 0 

2 6<Z)g|f62 2 a. 22b. 22ci:iU, §£i&<^# 

l^^OTo IJ^JilC&oT^fcfcCOtf, Vol^lhtt 
ft£-f. VoUVv3i:M, RI2 2o7fe2» 
#87t5. CCDdiiT^ *C&l^T*~>^~ 40 

[0 0 6 8] ft*>\ 0 2 9Rtf@3 0 tcifrr £ euc. # 

©Siffitf. M2 3a, 2 3b. 2 3c£ft*J. 
^^T"T^<Z)T'. (a63R©#-&OHffi2 1 b tf^-A- 
7°D^7AU^I/Vo l^lt^otl^c^O^ Vv 

3 1 h V o 1 fc©IfflHiE?ttCl|X*-oT»T'r^. dticfc 

0. #ffi^^eutc*?nr*— ^adf^A^FAS:0i8 50 



*Sgg*Fl 0-228786 
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[0069] (mm<Dmms) mz. ^od^wosem© 

*3?*22Hcov>T. B3 1~H4 0fc«vvtttiH'r«. ft 
*>\ 3 tt, 01. 0 2CD*gf££:NANDg! 

feU, ^SfeCO^ffil. 2 0) D I NOR (AND) N 
[0 0 7 0] 03 1—04 0K*>HVT\ WBt#<Z>BU:* 

e>^^U h^>t/X^CDBHfflV t hGD^fbSr^U ^ T >T 
fffib/<;i;Vvl2, Vv2 2 (fei(/Vv3 2) £i£ 

[0 07 1] NANDi77y^>^ijm NOR 

?OaAS:7D-f>fV^-hl04 (045) 

T. 0 2CDXt ? '^^ , S 37 y -f «ff U'OKOlEgr 

[0 0 7 2] 020Xfy^S 6 KM£ £*T?<Z)SMmH 
tfc(DM1&l tmUk-efoZo Xry7°S 6-ei*. 03 11C 

ffi&M^bT. *t:^'j7y<l J EL/^;i/Vv 1 2^^ 

X«fftBl¥*nS:f5? (XtF-^^S 3) 0 

T% 0 3 2tcSt<k'5t:, KM 2 5a. 25 b. 25 c 

^Mo 2£Ui^iibTofc^0#. Vo2lC*ra 
Vv 2 2 V o 2 fc<BffllCIEfiifclfc*ofcll 
f!2 5 ct*fta*^»7t5, -©d^T'. #fit>^ 

ft 6ftv> 0 

[0 0 7 3] X. Xry^S6m 033tc^-TJ:o 
tl^o CICOS^. 03 4 \,Zfjk~T<k V tC. gf{fi2 6a. 2 

6b. 2 6c^6h, ±i$is t~m<&£mmzt£M<D& 

ffi<DMm.2 4 :7 a tX=y I* \yy<)VV o 2 frcjgb 

t^f^©^ Vo 2tC^f -2>r Vv22i:V 

[0 0 7 4] ^^frc. Xry7°S 6Trte. 0 3 5 tC^*T 

T^A^o 0 3 6H*rr£e>lC giM2 7 
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a. 27b. 2 7c«^ ±i& UfcJ§-££: 
3fc£>8tffJCD|@ffi 2 4 7°U ^7AU^;i/V o 2 

tCjtUTV^fcCDtf. Vo2^if§Ii:35:< > Vv2 

[0 0 7 5] JSLLBMBbfeckdlC* I32Mtt25c 
<fc U fcftS^CD^ U 7 y 4 SJBE U^;i/V v 2 2 icifi^Trgi 
M2 7c^±S:btV>^ 0 rCDd^"*?. 032. 0 3 

[0 0 7 6] J£Ui(Z)i;-M;:> *HSS0^3 CDNAND 

U h 5 v^x# ODHffitf^YbCDg^ d h 

[0077] mm(D^M3(D^mm) nand 

tf£> 7 i^^#2ffi#£^£#-£K-3v> 
TiE^<T^fe^\ ^ >; 7 7 ^ IE 3 ffia±#4 

[0 0 7 8] @3 7^fcke)t:, 

3^bT##ii^;i/xmMPP*PS:t5oTV>< 03 
8C0Biffi2 9a. 29b. 2 9 c £; & U . mg&frtfm 

■rr^o tae*cD#^cDBaffi2 s^^wo^al/ 

^il/Vo2J^±t:35:oTi>fc ; tj0?!i\ V o 2 J^_t & 
^"T. Vo 2i:Vv3 2^CDffl^iE?rt^iR^ofcBfM2 

[0 0 7 9] &*>\ @39Xtfi40^t<k3^ § 

£^C. a4R-fe;i/fiDBMt*\ Bifil3 0a. 3 0b. 3 0 
cfcftU, • ^^tf^T-r^CDT*. tE3fcCD4§-£tf)BBffi 
28 bWwWo^AWVo 2£Ui±:ftoT 
v^^CDtf. Vv 3 2 V o 2 ^OPatCjEWtciR^o-C 

#£t-T£ 0 cticfcy. ^fiS^ ^ u v^t^* — ^ — 

[0 0 8 0] 

; V V =y > i? X * CD Si ffi £ gg-f b 2 £ #> CD ; X & % £ 
■T£^Vuxf§£S£:. ^^'Jtyi/h^y^^ cd Baffin 

-fe;uh7>^x^(Z)Biffi^b^^. BfltflSl. §§2tf) 



(9) 4^11^1 0-2 28786 

16 

tf-e^> ^^U-fe;uh^v^^^cD#^i2v^is^*cD 

[0 0 8 1] »#«2ffi«<B»Hlc£fttf. ^»J77^ 
mjffi £3ll~ Sin (n^3) CD^< U 7 7 <fMB£ ^"T 2> CI 

io mi £m2<D'<v7 7'<m&<Dm. ms tmio^v 7 
T«cm&<Dm. • • -m u-i) ^in^^?^ 

«JBE0|H!lCA3«k:. ^x^g&(7)^N 0 ;i/xmscD*6^ 
T'. ^ U h =yZsi/7»Z £)##&<^$> £ v^tt^tc 
B5ffiCD^b^v>S:JlR^^7LSdi:^"e^, ;*^ey-fe 

20 [0 0 8 2] tt#*3K«<B»Bfc**U*, *J^I#©frC 
CD^^^r. ^^U-feyUNvV^X^CDKU-OtCppiD^ 
U-f >mS$:BJiP*r^D I NOR (AND) NOR 

[0 0 8 3] »**4SEtt©fMB^J:titf, Um^mz 
30 CDM4>£, ^^Ut^h^v^x^^a^ Nn-M- 
*H*«F^y-h«£ESRlip-rSD I NOR (AND) 

[0 0 84] »#*5 8ett©*W^±*btf. *J«#^tC 

hn-yuy-hfrcWAP^ti^A^xfrcov^TtT'pci: 
t^DINOR (AND) NO.Ri7 7y ^>zl^^: 

[0 0 8 5] »*q(6EttO«qi^cfentf. ^^'Jt^ 
N^V^X^CDBIfltCD^bSr^U ^7>T b^^^HffiS: 

X^^ytCi>H>TB|{@^l. ^2^'J 37T^mffiCD 

oogHg^^l^^bfiJ^ck U*i« j e»^ft*2«)«ib«H 
50 ^•e^b$^2 0XT^7°i:$:fl^^^i:T\ 
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Mrt*—'*—-fn V =7 A u^mcjg-T -SbuK. sgffi©^ 

[0086] mmm7t&m<z)%mz&ft\t. 

f^li:^2©/<i;77YSfffflri, Sg3i:fg4©.~C 
U7 7-fiffm • • • fg (n-l) tmnOi^VV 

r -ftfffflnt:A5«i:. MB©gj<b#J-£&m?fo&^ 

#ii*a.tfM3ac;&^T, BBB#:*— ^— ^D^Al/ 
"W/ K giT £ bu K. . g@{I© g?4b*J-£ & -5 c i: #T- 

[0 0 8 7] »*«8BB«©»iHlcJ:*itf, Mtt®£4b 
*l#0>SaEfc. ^fcfcviSfe^XlIffi©^ 

@^©?F:«IH4^#:lStiSI«tc*Jv>Tt,. gift© 

©##&<&&tfMS©Ml&mcSt>T:*— :7a £>' v 

[01] ^©§8BJ3©^©B«l~3K«3;F»3§tt 

^SftiettiiB © 0&«/& ^^-r^ni/^ia-efes. 

[0 2] iO»i5iOStE*(Z>JUJBl~3»C«a^»»tt 
[0 3] ^OMCDHiiO^ 1 

#fetts§B© k u-r vis. ^-Nftffi©PPApiy-^> 

[04] znmMnmmn&miiK&ttMm&^m 

[05] ^©3gB§©m;&&©7^«u iz&ttmm&^m 
(MattKB<DKu4 , :/«jx. v—bm.E.amni'-'rf 

[0 6] cffi%0J3<£^Jfe©^mtc£6£^»!§14¥® 
&ietfJ£fi©lfM©^b£:*-r ^7 ye&2>. 
[0 7] dCD^©HJgOD^l £ffi«?**&t£¥V 

[08] d©^Ha0Hjg©^i^^s?Fj?ig^s 
[09] ^<»wnwmm<DBMiK&ttw.w>&*m 

[010] d©f§Bj©iii£&<z)^«u icgkz*mm&¥ 



(10) ^Bfl^F 10-228786 
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^#:tetiiSBoBHii©^b&*-rif7 ^-c-fcs. 
[0ii] zL(D&wa>mMa>MmiKmz*mft&¥ 

[012] ci0fiBaw^jgw^itc^^^»5H4^ 

*#15tt=£B©gf ffi©^b£3lTr^7 7t'*a. 

[013] c©»i?aos(Eis©j&«inc«a^ai8tti|£ 
>x&^-r0-efe-5o 

10 [014] ^CD«q|C!>3«S«DJ&JBIlK:fiR*^a[«tti|£ 
[015] ^O^BJOSIJgCD^jrgl 
>X§:^-r0trfe-5 = 

[016] £©»W©*iS©»»Ufcffi**ff»tti|£ 
*#82«»BoHMS©aSYb**-rf 7 7T?$5. 
[017] dO»9iO*JSO^«ll KflR**iW8tt¥ 

20 [018] iOf|9iO*JS(Z)JU»l tC^2)^«§|tti}i 
3E<*ielS^B©Sgffi0^bS:S^-^7 7T'feS„ 

[019] iO»WCD*«|0!)»ttl 
iWMEttHKBOKl'-fvBEE, **— hBffiOPP*P£/— 

[0 2 0] £©»w©^©»mfc«s*#$itt¥ 

[02 1] ^©|§HJ3©i>l;ffi©^lS2^&^if?g14¥ 
30 [02 2] C©%Ha©^W^2tc^S>F«^'f4^ 

^letiiiBogiMro^b&^-r^^ 7t*ss. 

[02 3] i©^(7J5IJ£G)^2tc^^,?F»^tt^ 

[024] ~<Dmwv)mm<?)Mm2K&z>'FMm&¥ 

[0 2 5] ^»5|H§C9^S£©^2tCfiR2,^»5H4^ 

40 [02 6] Z<DftWz>^fc<?)]&m 2 

[02 7] dCD%B§©^cD^2tc^S^»5H4^ 
^gfitt^B© K U-f >BflE. hBEEOffr&Pf-'Sr 

[028] z<DftBj}<z>mma>Mmi2Kmz*»m&¥ 
[029] ^<Dm*R<nmMo)Mm2\zghttWfttiL* 

50 [0 3 0] ^©^^©*SS©^2tc^S^»^H4^ 
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[03i] zL<n$tw<nmM(DMm3K&2>*»ftii.?t 

[03 2] ^©%BH©^©^Sg3lc^^,^F»%tt^ 

[03 3] rO%BawHSSCD^3^^2)>P»5lttiii 
S#tetig?B<Z>y- h*£E © Wins' —Jr 

[0 3 4] zoftmv>$iMv>mmi3K&2>*Mft&¥ 

[0 3 5] CI©S8BJ§©fl^©^g3K^£;F}¥f§tt¥ 

[0 3 6] dCD^HJ©H^©^3^^^)^fi|%tt^ 
ig#f2lf!S§»©ia{fi©^b£«^7 ^T'&S. 

[037] zL<Dftwv>mm<z)Bm3\,zffiz>^nft&i£ 
m#%zmmwe> f— n ma © win — * > a & ^-r m~e 

[0 3 8] c:©fgHj3©^©^3K^£:^iifi§t£¥ 



(11) ^filflO-228786 

. 20 

[039] -nmmnmnMnz^&ttWftVL* 
[040] ^0^011^0^3 iz&2>*nm&¥ 

[04 1] «©ft«©D I NORlffl^f itt^ 

(*ssE«as«©»*a*»^s:sai!ii"rawiifH-c**. 

[04 2] ft#©&ffi©*«fgte¥^#:f5ti3§B©lia 

io [04 3] ^©aw©^»5itt^^ieis^s©gi 

[04 4] flyRC)K«©NORS©3F»S5tt*aW*:|B 
[04 5] ffi*©tt«©NAND8a©W38ttiNMfE 
[^F#©8ttB^3 

1 K$!]^[hIS&> 2 >>-^T>X3VhD-7, 3 

20 >A7>7*) , 6 «iJW^, 7 D'Jfn- 
31] 
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(13) 
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♦IM^l 0-228786 
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(15) 



nm^l 0-228786 
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